This article provides new insight on landiolol, an ultra-short acting injectable betablocker, recently approved in Europe, with regard to its pharmacokinetic and pharmacodynamic profile, along with its first experience in Caucasian healthy volunteers and patients with atrial fibrillation. Landiolol as iv formulation exhibited in an emergency setting rapid rate reduction in patients with tachycardic atrial fibrillation without pronounced blood pressure drop both in caucasian and asian populations in similar manner.
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Pharmacology of landiolol in humans and animal models
Landiolol is an ultra-short acting, I.V. b1-blocker that has been available in Japan for 15 years for the treatment of supraventricular tachyarrhythmias, such as atrial fibrillation (AF), atrial flutter (AFL), and non-compensatory sinus tachycardia. 1 Landiolol shares similarities to esmolol, such as the metabolism pathway; however, landiolol presents faster pharmacokinetics, acts with higher 'potency', and enjoys higher cardioselectivity. Furthermore, unlike esmolol, landiolol has limited impact on blood pressure which proves to reduce the heart rate without undesired drop of arterial blood pressure. 1 Landiolol is in contrast to esmolol a pure S-enantiomer, and its structure includes an ester-bound. It is rapidly metabolized in the plasma by pseudocholinesterases and carboxylesterases, but unlike esmolol, does not yield methanol production. 2 When compared with esmolol in animal models, landiolol displayed a very high cardioselectivity (b1/b2-selectivity ¼ 255:33) 2 which was consistently retrieved in another model (b1/b2-selectivity ¼ 216:30). 3 This translates into a seven-fold higher cardioselectivity for landiolol over esmolol.
Landiolol has an 8-to 12-fold potency when compared with esmolol. Doses used in clinical studies are 5-10 times lower for landiolol, ranging from less than 5 mcg/kg/min up to 40 mcg/kg/min 1 while esmolol doses usually range from 25 mcg/kg/min up to 300 mcg/kg/min (molecular weight of esmolol hydrochloride and landiolol hydrochloride are 332 g/mol and 546 g/mol, respectively). 4 In isolated rabbit hearts, landiolol and esmolol showed negative chronotropic effects, whereas landiolol exhibited a less potent negative inotropic effect compared to esmolol. 5 The weaker negative inotropic effect was confirmed using isolated perfused guinea pig hearts. 6 In addition, the same team using isolated myocyte and patch-clamp techniques showed that esmolol inhibited both the inward rectifier Kþ current and the L-type Ca2þ current, and increased the outward current dosedependently. In contrast, landiolol had minimal cardiac myocyte effects. 6 In rabbits, landiolol appears to have a more potent negative chronotropic effect and a less blood pressure lowering effect following a dosage increase, and a shorter half-life than esmolol. In the same experiment, renal sympathetic nerve activity (RSNA) remained unchanged with landiolol but increased in a dose-dependent fashion with esmolol, suggesting a reflex increase in RSNA in response to the dosedependent reduction of blood pressure. 7 Clinical dose response and pharmacokinetics in the Asian and Caucasian population Pharmacodynamic characteristics of landiolol established in animals were confirmed in humans, both in heathly volunteers and clinical trials. 8, 9, [10] [11] [12] [13] [14] [15] In healthy Caucasian volunteers, more profound effects on the heart rate were observed after landiolol infusion compared to esmolol; the latter displayed a more prolonged hypotensive effect when infused at equipotent doses. 8, 9 In patients anesthetized for surgery, plasma renin activity (PRA) was found to be significantly decreased by 25% by pre-treatment with esmolol while no significant effect was seen with landiolol on PRA. 10 The doses used to control heart rate were evaluated in several Phase II and Phase III trials [11] [12] [13] [14] [15] which determined that a loading dose of 0.125 mg/kg for 1 min followed by an infusion titrated from 10 to 40 mcg/kg/min, with a maximum of 80 mcg/kg/min is most beneficial.
As landiolol was also used as a bolus dose of 0.1 mg/kg to control heart rate during surgery, 16 the loading dose in the European approved label is 0.1 mg/kg to 0.3 mg/kg. 17 The formulation of landiolol (300 mg in 50 mL) with a 6 mg/mL concentration facilitates easier dosing. The concentration being a multiple of 60 min, dose in mcg/kg/min can easily translate into flow rate ml/hour, which nurses usually utilize in intensive care. Thus, initial infusion maintenance dose (10 mcg/kg/min) can be easily obtained from the patient weight divided by 10 (70 kg/10 = 7 ml/hr).
Higher doses (20-40 mcg/kg/min up to 80 mcg/kg/min) are required for treating intra-operative paroxysmal supraventricular tachycardia (PSVT), sinus tachycardia, [11] [12] [13] [14] and patients in an emergency department setting (H. Domanovits et al., unpublished data), 15, 16 than those suitable to control heart rate of patients with perioperative AF 18 and patients with AF and cardiac dysfunction managed in cardiac 19 and intensive care units 20 (5-10 mcg/kg/min). The use of landiolol in these settings will be covered by other articles of this supplement, [21] [22] [23] [24] while experience in the emergency department setting will be described below. A dose ranging study 14 evaluating landiolol efficacy and safety to control heart rate of supraventricular tachycardia in an emergency department compared three dose regimens: Low (0.063 mg/kg loading þ20 mcg/kg/min), Moderate (0.125 mg/kg loading þ40 mcg/kg/min), and High (0.250 mg/kg loading þ80 mcg/kg/min). Response rates were 55.6% in Group Low, 61.9% in Group Moderate, and 69.2% in Group High in patients with AF or AFL, whereas in other PSVT they were 47.1% in Group Low, 57.1% in Group Moderate, and 47.4% in Group High. The same team 15 consequently compared most effective dose High (0.250 mg/kg loading þ80 mcg/kg/min) to placebo focusing on patients with AF or AFL. This study showed that landiolol was able to control tachycardia and significantly improve symptoms in 62.2% (28 of 45 patients) compared to only 2.3% (1 of 44 patients) in the placebo group. The incidence of adverse events did not significantly differ between landiolol and placebo, with an incidence of 8.0% (4 of 50 patients) and 14.3% (7 of 49 patients), respectively.
The pharmacokinetic profile of landiolol has been determined in the Caucasian 8, 9 and found similar to the Asian population ( Table 1) .
Experience in Caucasian patients with atrial fibrillation
Our team has evaluated landiolol safety, tolerability, pharmacokinetics, and pharmacodynamics of landiolol in Caucasian patients with tachycardic AF/AFL treated in an emergency department. We tested two different regimens: the conventional dosing scheme, starting with a loading infusion of 100 mcg/kg/min over 1 min, followed by a 40 mcg/kg/min infusion in 10 patients. The alternative dosing scheme started directly with a 40 mcg/kg/min continuous infusion, with the possibility to titrate up and down according to patient response.
We found that both regimens provided similar efficacy with 76% of AF patients achieving a target heart rate below 100 b.p.m. All patients were relieved of symptoms (rapid heartbeat, shortness of breath, sweating, palpitation, and dizziness), and 90% were relieved of fatigue and irregular pulse. Mean arterial pressure remained above À10% of baseline during the landiolol infusion. Landiolol was well tolerated by all but three patients with rapidly reversible transient hypotension. Dose response in Caucasian patients showed a similar pattern as in Asian patients treated for the same conditions in an emergency department, as shown by Atarashi et al.
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( Figure 1) .
Conclusion
In conclusion, the ultra-short acting and highly beta-1 selective compound landiolol exhibits profound negative chronotropic and weak negative inotropic effects as well as a limited impact on blood pressure. These characteristics make it suitable for critical care purposes, where patient instability is a frequent concern. The easy dosing and titrability of landiolol as well as its safety are advantages to improve patient management in this setting. Landiolol response and success rates and pharmacodynamic and pharmacokinetic characteristics have been shown to be similar in the Caucasian and Asian population. The experience with Landiolol gathered in Japan could help European clinicians to incorporate landiolol in their strategy to manage patients with tachycardic AF.
